Abstract. A continuum motion in the flat Minkowski space in the specified force field is considered. When movement the relative space-time curvature stipulated by the noncoincidence of the hypersurface orthogonal to world lines of basis particles with the simultaneity hypersurface arises. The anholonomic mathematical apparatus and its continua application is developed. Metrics for relative 4-interval element squares for the arbitrary continuum motion and special cases are found. The acceleration addition law is obtained. It turns out that exact solutions of the Einstein's equations for the isotropic cosmological model for the strongly evacuated gas and for the critical density follow from solutions of the Newtonian gas dynamics Euler's equations.
1.INTRODUCTION
Generally a continuum motion description in an inertial reference frame (IRF) and a transition to a noninertial reference frame (NRF) demands a going out of the flat space-time [1] . That is connected with both a specifying of a force field affecting on the medium particles and a condition superposition on motion continuum characteristic by means of the structure equations [1] [2] [3] [4] [5] . These equations connect the Riemannian-Christoffel tensor and the strain velocity tensors, the rotational velocity tensors and the first curvature vectors of medium particle world lines. As a result the set of equations is an overdetermined system and it is not realized in Minkowski space.
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This system is solved when considering of a medium motion in the Riemannian space or in a general case in the metric connectivity space. However if one does not impose characteristic continuum additional conditions and restrict just an integration of motion equations, for example, in a flat space-time, then no going out of the flat space-time is occur. When using nonholonomic transformations the curvature tensor obtained from Minkowski space in the nonholonomic coordinates is identically zero. However this zero tensor can be divided into two nonzero parts. One of them is expressed in an ordinary way with the Christoffel symbols and the other one depends on the moving medium characteristics [2] [3] [4] [5] .
RELATIVE NRF CURVATURE TENSOR IN SPECIAL RELATIVITY (SR)
The essence of our NRF mapping method from IRF is in finding of transformation rules of geometric objects prescribed in Galilean coordinates of Minkowski space (Euler variables) by means of affine frames of Lagrangian comoving NRF. First this method was developed in [6] . "Space" reference marks of the NRF are located in hypersurfaces orthogonal to world lines of medium particles (anholonomic in the presence of rotations) and time vectors coincide with the field of 4-velocities V μ tangent to world lines. The continuum motion law in an arbitrary force field in Minkowski space is described by equations ξ in each space-time point, we obtain the affine frame. We note that in the general case time ∂x μ /∂ˆ0 ξ and space ∂x μ /∂ˆk y vectors are not orthogonal to each other. However, the reference marks with orthogonal "time" and "space" vectors can be constructed from relation (1) , but these reference marks are not a result of 4-radius vector differentiation with respect to 
( )ˆ0
,
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Following to Schouten [7] for anholonomic transformations the 
If one calculates the Riemannian-Christoffel's tensor in Minkowski space, it is identically zero. It is clear that the transition into the Lagrangian comoving NRF by means of Lame coefficients (2) does not make the curvature tensor differed from zero and it results in identity [7] [ˆˆ.
It follows from (6) and (7) that
In relation (8) the curvature tensor is calculated by means of Christoffel's symbols { }ˆ,
where g μν is the metric tensor in Eulerian coordinates of Minkowski space. Christoffel's symbols are calculated in the usual way with the substitution of partial derivatives by directional derivatives, and α ∇ operator is calculated by means of the Christoffel's connectivity.
Thus, anholonomic transformations resulted in the curvature tensor differed from zero and calculated by means of the Christoffel's connectivity (6) .
As it would be followed further from the analysis of motion equations, For anholonomic coordinates following commutation relations exist [7] 2 2ˆˆ2
.ˆˆˆb
The concrete form of a nonholonomity object depends on selected Lame coefficients which are determined against the time parameter choice along world lines of basis particles. For example, if one selects a proper time as a time parameter (2) then the calculation of the nonholonomity object results in relationŝ0 ,ˆˆˆˆ.ˆˆˆl
Commutation relations (13) are equivalent to Zel'manov commutation relations [8] . From metric (9), expansion (6) and Lame coefficients (2) we obtainˆ0
Asˆˆˆˆˆˆ, 
whence alternating we obtainˆˆ0ˆ.
Balancing of expression (16) gives
Although the relative NRF curvature tensor is calculated by means of Christoffel's symbols in the same way as an usual curvature tensor in the Riemannian space, however in expressing of a connectivity by a metric tensor, directional derivatives are used instead of usual partial derivatives. Therefore, the relative curvature tensor has features, which arise because of noncommutativity of directional derivatives. For example, the known Richi identity will have the formˆ.
For Bianchi identity we have the expressionˆ. 
to prove that it is convenient to pass into the local geodesic coordinate system. One can represent the curvature tensor (8) in other equivalent form
2 .
is not a tensor relatively holonomic transformations of Lagrangian variables, although its form is not differed from an usual curvature tensor. However substitution of partial derivatives by directional derivatives results in the modification of transformation properties.
As we consider two kinds of covariant derivatives α ∇ and α ∇  calculated by means of Christoffel's part of connectivity (6) and the complete anholonomic connectivity (3) correspondingly then matched conditions have to be satisfied. One can prove that the directly under test relation is such a matching conditionˆˆˆ0
Let's carry out a further analysis of the relative curvature tensor. Let's consider the expression
Using (20) we find
Convoluting (18) on μ and γ we obtain.ˆ.
It follows from (24) 
Calculation of curvature tensor components 
If there are no rotations the expression (31) passes into one obtained earlier by the author from other considerations [9] .
Let's introduce a number of useful identities
.
It follows from (32) that
Executing the circular permutation of
indices in (33) we obtain two additional identities, summing up these ones with (33) we have the identitŷˆˆ0 
The similar identity is obtained in [8] . Using expressions (18) and (33) we write (29) in the form 
For the scalar curvature we obtainˆ2
One can see from expression (38) that the NRF Einstein tensor being in parenthesis in the first member of the equality is essentially differed from the GR Einstein tensor. For that tensor the second member of the equality is identically zero.
Let's compare obtained results with A.L. Zel'manov ones [8] introducing for convenience the designations used in [8] .ˆ.
. 2 20 1, , , 
Using relations (36) we obtain following identities in Zel'manov designations
First members of identities in (39) are Ricci tensor components specifying the first member of Einstein equations in the chronometric invariant theory (CIT). In our case these components are equal to zero. Obtained result is not unexpected. An initial space in which a continuum motion is studied was the flat Minkowski space. The origin of the relative curvature tensor differed from zero is stipulated for the division of zero anholonomic curvature tensor of the flat space-time into two nonzero parts.
If the initial space was Riemannian (as in GR) then the curvature tensor of the initial space prescribed in the anholonomic comoving Lagrangian NRF would add to the first member of equality (8) . It had to result in the change of some kinematic identities. In particular in the second member of identity (33) the term will be added
Making a convolution on â and ĉ , raising b index in the new identity we obtain the
The purpose of the investigation proposed in this article is the separation of the spacetime curvature contribution stipulated for the noninertiality of the observers moving together with the medium in an arbitrary force field. As the field of 4-velocities V μ appears as the integration result of the relativistic continuum motion equation in a flat space-time then the expansion
saves as mathematical identity.
Although the law of continuum motion in Lagrangian coordinates (1) is holonomic, "space" vectors of affine frames connecting adjacent Lagrangian particles can not appear as a result of differentiation of 4-radius vector x μ on k y Lagrangian coordinates, since the hypersurface of simultaneous events is not orthogonal to world lines of medium particles, when a proper time is used as a time parameter. Therefore the nonholonomity object differed from zero arises from the physical demand of an "allocation" of space reference marks on the hypersurface orthogonal to world lines.
Form of the nonholonomity object depends on the selection of a time parameter. For the interval element we find 
Interval element (40) is equivalent to a fragmentation of four-dimensional interval by two parts in the comoving NRF. One part
is the time element of the observer moving together with the medium and other part is the element of three-dimensional interval on the hypersurface orthogonal to world lines of medium particles. Similar fragmentation is presented in [8] and [12] . As in the comoving NRF obvious relations are validˆˆ0ˆˆ0
then the space interval element in Lagrangian comoving NRF has the formˆˆ2ˆ0
The interval element (43) coincides with the well-known relation [10] . We point out that relations (42) and (43) are general and they do not depend on concrete form of Lame parameters (2). The constructed relative curvature tensor is the tensor relatively anholonomic transformations. It is interesting to construct the relative curvature tensor corresponding to the usual generally covariant RiemannianChristoffel tensor relatively arbitrary holonomic transformations.
In accordance with (6) the nonholonomic connectivity is expanded into the Christoffel's connectivity part and the sum of anholonomity objects. Christoffel's connectivity part is calculated by the metric tensor (9) ( )ˆˆˆˆˆˆˆ1ˆˆˆˆ,
Obviously connectivity (44) differs from usual holonomic one, as directional derivatives are present in connectivity (44) instead of partial derivatives. On the basis of the directional derivative determination and using (2) we havêˆˆˆˆ0ˆˆˆˆ,
where the differentiation on 0 y is equivalent to the differentiation on 0 ξ or on the length s along basis world lines.
It follows from (45) that 0 0.
From (6) and (45) we find
where
is the holonomic Christoffel connectivity calculated in accordance with metric (9) . On the basis of the analysis carried out the anholonomic connectivity determined by expansion (6) can be presented in the formˆˆˆˆˆ,
(47) Substituting in (7) the anholonomic connectivity ˆb σ α Γ by the connectivity sum from (47) and taking into account (45) and (6) we obtain the expansion 
, specified by means of expansion (6) and relative holonomic connectivity ˆ,
It is clear that it is possible only in the case if covariant derivatives from the metric tensor (9) for each connectivity are equal to zero. Let us prove that it is right. Using formulae (3), (9) and substituting them into the expressionˆˆˆˆ,
Using expansion (6) by means of (51) we findˆˆˆˆˆ.
As in the last formula the sum of two connectivity affine deformation tensors 
it follows that
Therefore we havêˆˆ0
The mathematical apparatus developed in this paragraph describing properties of Lagrangian co-moving reference frames with prescribed law of motion (1) proposed that the proper time appeared in (1) as a time parameter. However often in describing the transition from IRF to NRF other time parameter is used, for example, the IRF time.
Therefore it is interesting to develop such an apparatus which is suitable for an arbitrary time parameter. We shall consider in (1) 
One can represent connectivity coefficients ˆb σ α Γ in Minkowski space for anholonomic coordinates in the form (3) and expansion (6) . We form the nonholonomity object 
Lamé coefficients which are determined depending on the time parameter along world lines of basis particles. For case (58) we find0 0ˆˆˆˆˆ0ˆl n , 2 , 0,
wherêˆˆˆˆ, 
For tensor components of the connectivity affine deformation we findˆˆ2 
Construction of the relative anholonomic and holonomic curvature tensor is executed in accordance with the same rules as earlier.
Directional derivatives are connected with partial derivatives by the formula
In accordance with (6) the anholonomic connectivity is expanded into the Christoffel connectivity part and the sum of nonholonomity objects. Christoffel connectivity part is calculated by the metric tensor (9) in accordance with formula (44). Obviously, that connectivity (44) differs from usual holonomic connectivity. In connectivity (44) directional derivatives are used instead of partial derivatives. On the basis of the determination of the directional derivative using (2) and (64) 
where ˆˆn kl Λ  are the three-dimensional Christoffel symbols formed from three-dimensional tensor ˆˆˆˆ. The relative holonomic curvature tensor can be calculated in accordance with (49) 
It follows from (65) for Born rigid motions (that is at ˆ0 b α Σ =) holonomic and anholonomic Christoffel symbols coincide, however relative anholonomic and holonomic curvature tensors are differed from each other due to the anholonomic addition (see (20) ). .
ELEMENT SQUARE OF RELATIVE CONTINUUM INTERVAL IN LAGRANGIAN COORDINATES
Relation (68) was obtained earlier by V.I. Rodichev [13] , in this relation Eulerian coordinates X k were included instead of Lagrangian coordinates y k and the motion was not considered as certainly classic rigid.
For particular case when rigid box having at infinity zero velocity falls from infinity at the centrosymmetrical Sun field, the similar formula for the interval (68) is presented in known A. Sommerfeld book [14] with the reference to the unpublished Lents work. Based on this formula Sommerfeld got the interval in the Schwarzchild form using the Newton's law as a first approximation.
Interval (68) in the Rodichev form can be obtained from the interval (67) and for the arbitrary law of continuum motion 
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Let us consider some particular RF cases realized by means of the law of motion (69) and metric (71).
unIFormly rotatIng rF
Unlike the relativistic rigid NRF considered in previous part and realized in the Riemannian space-time we shall follow to the standard transition method [10] . We select the rest-frame in which we introduce cylindrical coordinates r 0 , φ 0 , z 0 , t 0 and move to the rotating RF r, φ, z, t in accordance with formulae: r 0 = r, φ 0 = φ + Ωt, z 0 = z, t 0 = t, where the rotational speed Ω relatively z axis is considered as constant.
Passing on from Galilean coordinates (71) to cylindrical coordinates we obtain the expression for the relative interval in rotating NRF. The interval element has the form To compare we present the range of interval in the standard consideration Both formulas are correct if rΩ/c < 1 and satisfy to the stiffness criterion both classic and Born relativistic one. However there is the significant difference between the metrics: metric (72) is realized in the Riemannian space-time and metrics (73) is realized in the flat Minkowski space. At t = const metric (72) corresponds to the element of the "physical" space interval in the rotating reference frame in accordance with (43). Unlike (73) in (72) g 0k components of metric tensor are absent, this means the possibility of watches synchronization along any closed circuit [10] . The connection between the true time τ and the time of Minkowski space t is identical for both metrics .
Unlike the relativistic rigid NRF both metrics are correct only for finite distances from the rotation axis. Metrics (72) permits a simple geometrical interpretation.
The relative interval element as well as in IRF in Cartesian coordinates is determined in accordance with Pythagoras theorem for the pseudo-Riemannian space-time: the squared element of the "physical" length is subtracted from the squared proper time (multiplied by the squared light velocity).
relatIvIstIC (nonrIgId) unIFormly aCCelerated nrF
In Minkowski space there is no any law of motion which results in simultaneous fulfillment of two conditions: relativistic rigidity and uniformly acceleration [1] [2] [3] [4] [5] . Therefore we consider as the uniformly accelerated RF the motion of the charged dust in the constant electric field resulting in Logunov metric In accordance with the standard viewpoint [10] the synchronization of the watches being at the same physical conditions that is at the same distance from the rotation axis is absent.
In our consideration for therelative interval such "paradox" does not arise.
In considering the rotary motion the watches being at the similar distance from the rotation axis have to show the same proper time. A mathematical transition to the relative interval can be realized by the elementary way: using 0 dy in metric (40) at the fixed value of the Lagrangian particle coordinate 
the length of which in the general case is not equal to the interval length (40). Thus, from our viewpoint the NRF observer interval (that is the relative interval (78)) is differed from the IRF observer interval using NRF coordinates (40). It follows from the developed mathematical apparatus permitting to select the holonomic curvature tensor from zero anholonomic one, that usual RiemannianChristoffel tensor calculated from the relative interval metric in the general case is differed from zero.
ACCELERATION ADDITION LAW, RELATIVE NRF CURVATURE TENSOR IN MINKOWSKI SPACE
One can ascertain the physical meaning of the relative curvature tensor on the basis of the analysis of a particle motion in an arbitrary NRF force field.
Let the continuum moves in Minkowski space in some force field. The field of 4-velocity of the medium in Euler variables is V μ . At the same space in the other force field the particle moves with 4-velocity U μ not coinciding with V μ . The transition to NRF is realized by means of Lame parameters (2) using the equation of motion0 
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In formula (79) m 0 is the rest mass of the particle, f α is the 4-force. From (2)-(6) using the equalitiesˆˆ.
(80) after simple transformations we obtainˆ.
If the particle under consideration belongs to one of the NRF basis particles then U μ = V μ and it follows from (14) that the second member of equation (81) vanishes. In other words for comoving NRF observers the relative first curvature vectors of basis particle world lines are equal to zero, and the relative space-time curvature is differed from zero. We rewrite equations (81) into components using obvious relation 
where u is the value of the relative particle velocity. Using expressions (14) and designations (38a) we obtain the motion equations relatively NRF in the form convenient for the comparison with the Zel'manov work [8]
The following designations are introduced in formulae (83) and (84): 2   0  0  0  2  2  2   2  2 , , (83) and (84) are identical to the left-hand members of equalities in world motion equations [8] . One can easy prove the equality of the righthand members. Really for the holonomic frames obtained from (1) in the comoving NRF the equality is valid0
use of this equality proves the coincidence of the right-hand members of equations (83) and work [8] . The proof for (84) is similar. Thus, in spite of the difference of our transition method to NRF and the T.C.I. method, the motion equations relatively NRF coincide.
One can write equation (82) after the convolution with ĥ α µ in Minkowski space in the form covariant relatively arbitrary holonomic transformations of Eulerian coordinates. Using (14) after simple transformations we obtain
In relation (87) K α is the relative 4-acceleration of the particle relatively NRF in IRF coordinates, orthogonal to the 4-velocity U α , f α /(m 0 c) is the absolute 4-acceleration of the particle, the last term in (84) contains the reference-frame acceleration and the Coriolis acceleration. Thus, relation (87) is the special relativistic acceleration addition law turning into the classic law in a non-relativistic approximation.
We point out that the relative 4-acceleration appeared as a result of the calculation of the absolute derivative in NRF from the relative 4-velocity of the particle by means of the Christoffel connectivity part (6) . Therefore, one can call the curvature tensor (8) ...ˆb .
The tensor field of the relative NRF curvature tensor arises in the flat space-time as the result of the division of zero non-holonomic curvature tensor into two nonzero parts. This field is not destroyed by no holonomic transformations both containing the time and not containing the time. We point out that in formula (90) when using the curvilinear coordinates in Minkovsky space the partial derivatives are substituted by the covariant ones.
Although the form of the relative curvature tensor (90) is similar to the Riemann-Christoffel tensor, however the true tensors of the affine connectivity deformation determined in (6) and expressed in the Eulerian coordinates of the Minkovsky space (92) are included in the tensor instead of the connectivity coefficients (not tensors).
For example, we consider the nonrelativistic irrotational dust motion in the Newton gravitational field. We save the terms with the multiplier no more then 1/с 2 in the relative curvature tensor and in the relative Ricci tensor. In this approximation from (29) and ( .
The first and the second equalities in expression (95) coincide with the corresponding Einstein equations in the synchronous reference frame, the last equality does not coincide. Let us consider the simplest properties of the relative curvature tensor in Minkovsky space. It follows from expression (92) for the tensor of the affine connectivity deformation . T ε νµ in Minkovsky space that for the irrotational motions it has the form
If the irrotational motion is rigid, this results in zero relative curvature tensor. Thus, the translation motion of the relativistic rigid body does not result in the appearance of the relative space-time curvature.
For arbitrary motions the relative Ricci tensor can be represented in the from
Scalar relative curvature R is calculated in accordance with the formula
The relative Einstein tensor G βγ is determined by the expression
For irrotational motions the relative Ricci tensors and the Einstein tensors can be represented in the form ( )
g F x however it is not a symmetrical one. For example, let us consider the nonrigid rod, the elements of the rod move along its axis with different velocities. A particle moves near the rod and parallel to it with the velocity exceeding the velocities of the rod particles. We agree that the observers at the rod use the IRF watch of Minkovsky space. Let when the particle caught up with the back end of the rod the watch reading is t 1 , and at the over-taking point the watch showed t 2 . The passing time is (t 2 -t 1 ). It is clear that one can calculate the relative length of the particle world line when the rod passing in accordance with Pythagoras theorem. The relative length of the particle world line when the rod has infinitesimal dimensions is determined by formula (103). Interval element (103) n is calculated at the fixed t value, that is it is not a complete. Therefore, the squared interval element obtained by the subtraction of the squared spatial element specified in the Lagrange comoving NRF from the squared time element in the general case results in non-Euclidian space-time with the flat spatial section.
RELATIVE CONTINUUM CURVATURE TENSOR IN NEWTON MECHANICS
Usually when transiting from IRF to NRF one considers the element of the absolute length of the particle world line. The interval element is obtained from the pseudo-Euclidian interval by means of the motion law ( ) , , n n k x y t = Ψ and the differential with respect to x n is complete. Therefore, the squared element (as opposite to (103)) contains the terms depending on the absolute particle velocity, g 00 component changes and g 0k components of the metric tensor differed from zero appear. However the space-time remains flat. Obviously, the absolute CONTINUUM PHYSICS length of the world line of the considered particle is not equal to the relative length of the world line of the particle.
The spatial metric in the Lagrange comoving NRF in accordance with (103) has the formˆˆˆ. where ˆk l σ is the tensor of deformation rates in the comoving RF (reference system). As when moving Lagrange coordinates k y of each particle remain constant, then
Let us consider the motion of the airfree gas in the Newton gravitational field using the motion equation in the Euler form and the continuity equation
Differentiating equation (107) 
In (110) σ ab , ω ab are the deformation and the rotational velocity tensors in the non-relativistic mechanics in the Euler variables. Convolving (108) on a, b we obtain in the Lagrangian coordinatesˆˆ,
The last relation in the Lagrangian coordinates is reduced to the formˆ0 
One can show that when the rotations are absent the equality is valid2 Solution (126) is the particular case of (125) provided the medium at the infinity is at rest. Integrating (126,) we obtain ( ) where r g is the gravitational radius. We point out that in the latter relation the light velocity c is artificially introduced for the convenience of the comparison with other results, and as a result, it is cancelled in this formula as it should be when integrating the motion equations in the non-relativistic mechanics. Selection of the sign depends on the character of the particle motion. When moving on the radius to the center the sign "plus" is selected, and the sign "minus" is selected when extension from the center. Constant t 0 is selected from the demand that at t = 0 it should be r = r 0 , where r 0 is the Lagrange coordinate. Obviously when falling the particles on the center the current radius of the Lagrange particle r(r 0 ,t) is decreased, therefore t < t 0 .
The metrics (103) in the spherical coordinate system has the form ( ) 
Using the law of motion (127) and considering that 
